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本论文的目的是研究手性 4-羟基-2-吡咯烷酮氮 α位碳负离子合成子 1a 及其
等效体以及手性特特拉姆酸氮 α位碳负离子合成子 1b 及其等效体，探索其在氮






















及海洋天然产物 melophlin M 的不对称合成中的应用。取得的主要结果如下： 




咯烷酮，因此，2 也可以作为合成子 1a 的合成等效体，从而成功地建立了以 2

































二、设计合成了手性特特拉姆酸 N-α 碳负离子合成子 1b 的等效体 3。研究
了 3 在路易斯酸 SnCl4的作用下与醛及 α,β-不饱和酯的反应性。与饱和醛反应
可高立体选择性地在特特拉姆酸氮 α 位形成碳-碳键，以 53%～85%的产率和大
于 96%的非对映立体选择性得到特特拉姆酸 N-α 羟烷基化产物。因为 5-羟烷基
特特拉姆酸经过水解和 NaBH(OAc)3 立体选择性还原得到反式-4-羟基-5-羟烷基
-2-吡咯烷酮，因此 3 可以作为合成子 anti-1a 的合成等效体，从而成功地建立了






























1. Base    2. RCHO
1. H+



















三、基于合成子 1a/1b 的等效体 2 建立的不对称烷基化反应，合成了 5-苄基
特特拉姆酸 4。4 经过立体选择性还原得到(4S,5S)-4-羟基-5-苄基-2-吡咯烷酮 5，
从而建立了基于合成子 1a 进行顺式-4-羟基-5-烷基-2-吡咯烷酮不对称合成的高
立体选择性和灵活多用的方法，并由此完成了吡咯烷生物碱 (2S, 3S, 5R)-preussin 











(+)-preussin 6  
 
四、设计合成了手性特特拉姆酸 N-α 位碳负离子合成子 1b 的等效体 7。从








































不对称合成的高立体选择性和灵活多用的方法，并由此合成了(1R, 6S, 7R, 8R, 


























六、从等效体 2 出发，基于合成子 1a/1b 建立的不对称羟烷基化反应，进行
了(+)-lactacystin 的不对称合成研究，构建了具有季碳手性中心的化合物 13，为




















七、从(S)-甲基苹果酰亚胺 14 出发，探索了(+)-lactacystin 的第二种不对称合
成路线，经六步反应以 48%的产率得到化合物 15。15 进行羟醛加成以 25%的产



































关键词   吡咯烷酮    不对称烷基化    不对称羟烷基化    碳负离子 


















3-Hydroxy-pyrrolidine-ring and tetramic acid ring containing narural prducts 
which are widespread in nature, and possess a variety of important bioactivities. Many 
of them show high potential for medical and biological applications. Consequently, 
the asymmetric syntheses of these compounds attract much attention. Although many 
methods had been developed to synthesize 3-hydroxy-pyrrolidine-ring and tetramic 
acid ring containing narural prducts, for polyhydroxy alkaloids, such as 
castanospermine, most intuitionistic and attractive retrosynthetic analysis involves 

















However, realization and synthetic application of 3-hydroxy-2-pyrrolidinone N-α 
carbanion Chiron 1a is a challenging work and still not resolved up to now because 
it’s β-elimination, wrong regioselectivity or quick proton exchange. 
For 5-substituted tetramic acid, most versatile and flexible retrosynthetic analysis 

























However, formation method of new carbon carbon bond based on chiral 
















One main aim of this thesis was to develop 
4-hydroxy-5-substituted-2-pyrrolidinone and 5-substituted-tetramic acid asymmetric 
synthesis in highly regioselective and diastereoselective new synthetic methodology 
based on 2-pyrrolidinone N-α carbanion and tetramic acid N-α carbanion, which 
includes the studies on their formation, reactivities and reaction with electrophile, as 
well as their application in the asymmetric syntheses of pyrrolidine alkaloid preussin, 
marine natural product melophlin M, indolizidine alkaloid castanospermine, and 
(+)-lactacystin. The results are listed as follows: 
1. In order to develop 2-pyrrolidinone N-α carbanion Chiron 1a and tetramic acid 
N-α carbanion 1b, compound 2 was designed and synthesized. The deprotonation of 2 
at the N-α position followed by addition of electrophiles such as alkyl halide provide 
highly C-5 regioselective and diastereoselective 5-alkyl-tetramic acid derivatives in 
goog yields. 4-hydroxy-5-alkyl-2-pyrrolidinone can be obtained from 5-alkyl-tetramic 
acid by hydrolyzing and stereoselective reduction, therefore, 2 can be used as 


































2. In order to further develop 2-pyrrolidinone N-α carbanion Chiron 1a and 
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